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Department  of  Chemistry,  University  of  Utah,  Salt 
Lake  City,  Utah  84112 

and  Neil  Purdie 

Department  of  Chemistry,  Oklahoma  State  University, 
Stillwater,  Oklahoma  74074 


Abstract 

A temperature  dependence  study  of  the  ultrasonic  amplitudes,  velocities,  and 
relaxation  times  for  the  conformational  transition  of  non-complexed  aqueous  18- 
crown-6[l,4,7,10,13,16-hexaoxacyclooctadecane]  is  discussed.  At  all  temperatures 
a single  relaxation  was  observed  within  a 15-255  Wz  frequency  range.  The  equili- 
brium constant  for  the  conformational  transition  ORj  i2  CR2  was  determined  to  be 
-2  i 

K21  = 2 (±2)  x activation  parameters  are  AHjj  * JtO . 2^±  1.0  kcal/mol, 

AS21  “ 7,7  ± 0,2  cal/(n°l  deg),  AH^2  * 7.4  ± 1.0  kcal/mol,  and  AS^2  - 7.7  ± 

0.2  cal/ (mol  deg)  while  the  thermodynamic  enthalpy  and  entropy  were  found  to  be 
-2.5  ± 1.0  kcal/mol  and  0 cal /(mol^deg)  respectively.  The  rate  constants  at 
25.0°  for  the  conformational  transition  are  ^ * 1.0  (±0.3)  x 107  sec  1 and  kJ2 
= 6.2  (±0.2)  x 108  sec-1. 

Introduction 

Macrocyclic  polyethers  exist  in  solution  in  at  least  two,  and  more  probably, 
three  conformations.  These  three  conformations  are  [1]:  "(i.)  an  unreactive  species 
(ii)  an  open  configuration,  which  is  the  predominant  species  in  the  absence  of 
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Abstract 

A temperature  dependence  study  of  the  ultrasonic  amplitudes,  velocities,  and 
relaxation  times  for  the  conformational  transition  of  non-complexed  aqueous  18- 
crown-6[l,4,7,10,13,16-hexaoxacyclooctadecane]  is  discussed.  At  all  temperatures 
a single  relaxation  was  observed  within  a 15-255  MHz  frequency  range.  The  equili- 
brium constant  for  the  conformational  transition  ORj  & CR2  was  determined  to  be 
K21  = 2 (±2^  x activation  parameters  are  AH^  * 40.2T±  1.0  kcal/mol, 

AS21  ~ 7,2  ± ®’2  caV(mol  deg),  AH^  =*  7»4  ± 1.0  kcal/mol,  and  AS^  = 7.7  ± 

0.2  cal/ (mol  deg)  while  the  thermodynamic  enthalpy  and  entropy  were  found  to  be 
-2.5  ± 1.0  kcal/mol  and  0 cal /(mol^deg)  respectively.  The  rate  constants  at 
25.0°  for  the  conformational  transition  are  = 1.0  (iC.3)  x 107  sec  1 and 
=6.2  (±0.2)  x 108  sec'1. 

Introduction 

Macrocyclic  polyethers  exist  in  solution  in  at  least  two,  and  more  probably, 
three  conformations.  These  three  conformations  are  [1]:  "(i)  an  unreactive  species; 
(ii)  an  open  configuration,  which  is  the  predominant  species  in  the  absence  of 
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cations;  and  (i&i)  a closed  configuration,  which  is  stabilized  by  a aonovalent 
cation."  This  description  was  given  for  dibenzo- 30-ci own- 10  and  has  recently  been 
borne  out  by  an  H*  and  C*3  nmr  study  of  18-crown-6,  benzo-18-crown-6,  dibenzo- 18- 
crown  -6,  and  dibenzo- 30-crown- 10  in  their  coaplexed  and  uncomplexed  states  in 
various  solvents  [2].  The  nar  data  indicate  that  in  the  absence  of  conplexing 
cations  these  macrocycles  undergo  a rapid  syn-  to  anti  gMche  rotaaer  conversion 
with  an  interconversion  rate  faster  than  10  sec.  ',In  addition,  a rapid  rotamer 

T ’ V i " '■  * 

interconversion  of  the  ether  linkages  in  the  coaplexed  crown  ethers  is  observed 
with  a slowing  of  the  rate  in  CDClj.  Benzo  substituents  in  the  ring  do  not 
affect  these  structural  observations. 

Chock  [1]  wrote  the  following  mechanistic  scheme  for  crown  ether  complexation 

(1)  CRj  \2  CR2 

k9_ 

(2)  CR2  + M"+  j Complex 

where  CRj  is  the  unreactive  crown  ether  species,  if1*  denotes  a metal  ion,  etc.  He 
further  observed  that  the  complexation  of  dibenzo- 30-crown- 10,  in  methanol,  was 
preceded  by  a fast  conformational  rearrangement  of  the  ligand  (t<1  nsec) . Confor- 
mational rearrangements  of  aqueous  18-crown-6  and  15-crown-5  have  since  been  ob- 

l 

served  with  relaxation  times  of  1.6  and  6.9  ns,  respectively  [3,4].  In  these  re- 
cent studies  the  above  reaction  scheme,  eqs.  (i)  and  (2),  was  used  to  analyze 
successfully  the  measured  relaxation  times. 

Equilibrium  constants  for  the  rapid  conformational  rearrangement  of  the  uncom- 
plexed  crown  ethers,  eq.  (1),  have  not  been  published.  The  transient  relaxation 
methods  have  proven  useful  in  establishing  the  thermodynamics  for  such  transitions 
[5]  with  quite  reasonable  accuracy.  It  should  be  noted  that  the  thermodynamic 
parameters  are  obtained  from  amplitude  data  and  not  relaxation  times.  Unfortu- 
nately, the  conformational  rearrangements  of  some,  if  not  all,  of  the  crown  ethers 
are  \oo  rapid  to  be  investigated  by  readily  available  transient  methods.  Use  of 


ultrasonic  absorption  [6]  (a  stationary  relaxation  method)  in  determining  thermodynamic 
properties  has  been  challenged  [7]  because  of  certain  necessary  assumptions.  However, 
ultrasonic  methods  have  appeared  lately  [8,9]  that  sc-, -a  to  yield  reliable  thermo- 
dynamic data.  The  method  of  Farber  and  Petrucci  [9]  is  the  simplest,  stringent 
method  and  has  been  utilized  in  this  study  to  obtain  the  thermodynamic  parameters  for 
the  conformational  equilibrium,  eq.  (1),  of  aqueous  18- crown- 6. 

A knowledge  of  the  conformational  equilibrium  constant  is  quite  important  since 
in  the  above  reaction  scheme,  eqs.  (1)  and  (2),  the  experimentally  determined  rate 

f 

constant,  k^,  is  related  to  the  specific  rate,  k23»  of  the  second  discrete  reaction 
step  by  the  relation  [3]: 


(3)  k, 


25 
1 + K„ 


where  K21  is  the  conformational  equilibrium  constant  for  reaction  (1).  If  is 

t 

relatively  large  then  k23  must  be  significantly  larger  than  k23>  Also  it  has  been 
suggested  [10]  that  the  barrier  to  dissociation  of  the  Na+  - dibenzo-18-crown-6 
complex  is  just  the  energy  required  to  effect  a conformational  rearrangement  of 
the  crown  ether  complex.  Thus  a comparison  of  the  activation  energy  barrier  for  the 
conformational  equilibrium  with  that  observed  for  the  dissociation  of  the  aqueous 
K+  - 18-crcwn-6  complex  might  lend  some  credence  to  this  hypothesis. 

In  the  present  wotk  we  have  applied  measured  relaxation  times,  amplitudes  and 
sound  velocities,  at  several  temperatures,  obtained  from  ultrasonic  absorption  measure- 
ments of  the  uncomplexed  aqueous  18-crown-6,  to  the  determination  of  the  equili- 
brium constant  and  the  thermodynamic  and  activation  parameters  for  a conformational 
change  of  this  cyclic  polyether.  New  data  on  the  temperature  dependence  of  the  com- 
plexation-decomplexation  rates  of  aqueous  potassium  ions  with  18-crown-6  have  been 
included  to  provide  activation  parameters  susceptible  to  comparison  with  those  of  the 
ligand  conformational  change. 
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Experimental 

The  18-crovm-6  was  purchased  (Parish  Chemical  Corp. , Provo,  UT)  as  an  acetoni- 
trile complex.  The  acetonitrile  was  removed  under  vacuum  desiccation  (1.3  Pa)  for 
three. days.  The  sharp  melting  point  of  the  pure  polyether  was  38-39°  (lit.  [II] 

39-40°).  All  solutions  were  prepared  with  triply  distilled,  deionized  water.  The 
potassium  chloride  was  reagent  grade. 

Ultrasonic  absorption  measurements  were  made  using  a laser  acousto-optic 
technique  [12]  between  IS  and  25S  MHz  at  the  odd  harmonics  of  a 5 MHz  quartz  crystal. 
Velocity  measurements,  made  by  an  interferometric  technique  after  a minor  modifica- 
tion of  the  same  ultrasonic  apparatus,  had  an  accuracy  of  0.1  meter  sec*.  Density 
measurements  were  made  using  a 10  ml  Kimax-Brand  pycnometer,  calibrated  with  pure 
water  at  25.0  ± 0.1°.  Sample  temperatures  were  maintained  constant  to  at  least 
+ 0.3°  with  a Lauda  K-2/RD  circulating  bath. 

Results 

The  absorption  coefficient  a measured  at  each  frequency  f was  cast  in  the  form, 
ct/f2.  Relaxation  parameters  were  then  obtained  from  the  equation 

(4)  a/f2  = Ca.  [1  + (f/f  .)2]-1  + B 
x i r,i 

In  all  cases  B was  not  known  and  was  treated  as  an  added  parameter  when  solving  eq.  (4). 
Only  one  relaxation  was  observed  so  i=l.  Concentrations  of  aqueous  18-crown-6  in- 
vestigated were  1.00,  0.750,  and  0.500  M at  temperatures  of  16.3°  ± 0.3°,  25.0  ± 0.1° 

(see  ref.  3 for  data),  30.8°  ± 0.3°,  and  35.4°  ± 0.1°.  Table  I lists  experimental 
2 

a/f  values  at  various  frequencies  and  temperatures  for  the  investigated  concentra- 
tions. Table  II  presents  measured  velocities,  densities,  relaxation  frequencies, 
amplitudes,  and  background  B for  each  concentration  at  the  indicated  temperatures. 

Tablo  III  contains  the  experimental  a/f  values  and  the  corresponding  frequencies 
for  each  concentration  of  aqueous  potassium- 18- crown- 6 and  Table  IV  gives  the  resultant 
absorption  amplitudes  and  relaxation  frequencies.  For  the  aqueous  potassium- 18-crown- 
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6 system  the  background  absorption,  B,  was  deternined  from  o/f^  for  water  at  each  of 
the  various  temperatures  (see  reference  [3]  for  25.0°  data). 

The  method  of  obtaining  the  themodynaaic  and  activation  parameters  for  the  con- 
formational ct>*!nge  is  that  used  by  Farber  and  Petrucci  [9]  which  in  turn  is  partially 
based'  on  a method  devised  by  Lamb  [13] . Only  an  outline  of  the  thermodynamic  and 

activation  parameter  analysis  will  be  presented  here: 
x"1  1 

(i)  Plot  In  (-y)  vs  Gjr)  from  which  the  slope,  m,  and. Intercept,  b,  are  respectively 


m 


12 

1+K,, 


b 


ln£) 


+ 


AS/ 

21 

R 


where  k is  the  Boltzmann  constant,  h Planck's  constant,  and  R the  gas  constant 

(oX)s£x  “ 


(ii)  Evaluate  r-P — from  the  slope  of  a pH»t*of  la  ( 

1 *12  R pu 


J-)  vs  (i) 


where  p is  the  density  of  the  solution,  u is  the  velocity  of  sound  and  (aX)c^  is  the 

v ■'max 

ultrasonic  absorption  per  wave  length  at  the  relaxation  frequency,  due  to  the  chemical 
transformation.  In  this  case  the  slope  and  intercept "are  given  by 


and 


2r  tc,y 


) 


(iii)  Using  the  slope  in  step  (ii)  evaluate  AH^j  and  AS^  via  the  slope  and 
intercept  in  step  (i) . AV  may  be  evaluated  from  the  intercept  in  step  (ii) . 

(iv)  Evaluate  the  first-order  rate  constant  k21  from  the  relation 

kT  AS?^ 

k2i  * v exp  I-#]  exp  hr) 

(v)  Since  x 1 is  known  from  ultrasonic  measurements,  is  obtained  from  the 


relation 


12 


-1 

r--1 

*21 


-x  . 

(vi)  If  « 1 then  a plot  of  In  (~-i ) vs  (jjr)  has  a slope 


and  an  intercept 


k 12 

* * ln  §>  * -r  ■ 


since 


T * k12  (1  + K215  “ k12 


' -1  1 J«ar  1 

1 j r Z1 


(a*)'1;.  T 


Figures  1 and  2 are. plot s of  in  fr  /T)  vs  (=)  and  ln  ( . — 3 vs  (=)  while 

pu 

Table  v is  a listing  of  the  resultant  values. 

The  reaction  mechanism  previously  discussed,  jeqs.  (1)  and  (2),  was  used  to 
analyze  the  relaxation  times  for  the  potassiua-18-crown-6  complexation  study.  Fig- 
ure 3 is  a least  squares  plot  of  t”*  versus  a concentration  term  at  three  tempera- 
tures from  which  the  complexation  and  decoaplexation  specific  rates  were  obtained. 

Table  VI  contains  the  resultant  complexation  and  decomplexation  rates  together  with 

-2 

the  activation  parameters.  Mote  that  since  » 1.6  x 10  the  observed  complexa- 
tion rate  is  equal  to  the  discrete  step  specific  rate.  Thus  a plot  of  k2J  vs  1/t 
will  not  be  influenced  by  the  temperature  dependence  of  K2i* 


Discussion 

Table  V has  several  interesting  features.  The  first  and  most  important  is  that 

K01  has  a value  of  2 (±2)  x 10"2,  much  less  than  unity.  Thus  previously  reported 
11  — v 

*25 

[3,14]  observed  complexation  rate  constants  k^  (a  — ) equal,  within  experi- 

mental error,  the  specific  rate  constant  for  aqueous  18-crown-6  complexation.  In 

f 

addition,  since  [CRj]  10~2  [CR2],  the  relaxation  time  for  the  complexation  step 
of  aqueous  18-crown-6  may  be  written  in  the  particularly  simple  form 

(S',  t-‘  . k23([CRj]  ♦ [rf1*])  .k32 

This  is  the  appropriate  equation  if  reactions  1 and  2 occur  independent  of  one 
another  as  for  example  would  be  true  if  the  first  equilibrium,  eq.  (1),  is  shifted 
predominantly  to  the  complexing  form  so  that  a pertubation  of  the  second  reaction, 
eq.  (2),  cannot  appreciably  affect  the  first  reaction,  eq.  (1).  Alternatively,  this 
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3 k,  3 

(11)  (r CR  ♦ if1*  f Complex  ♦ [--  -i]  CR, 


*22  11 


(12) 


. . r . . . r 

1 ■ [Tcr^T  Tcr^Tj 

(_  lii-V 

\a22 ' an  / 


Tcr^T 


pi_.  ,y 

\*22  ‘ all  / 


-i  -i 


+ + [Complex]  + (CR21 


Table  VII  lists  values  of!f2  based  on  earlier  data  [3]  and  the  above  equations. 
With  the  relation  [15] 

2 ch  - t »y%2  « 

(14) (o/f2 Cx  " RT  AV)i  1 1 


wherein  the  subscript  i « 2 for  the  case  of  interest  to  us  here 

2 

the  r2  values  in  Table  VII  may  be  used  to  determine  the  (AV)  and  thus  the  magnitr.de 

|av|  for  each  cation  studied  in  ref.  [3]  and  [14],  Values  of  p and  u are  taken  to  be 

those  of  water  since  the  solutions  are  relatively  dilute. 

Finally  the  magnitude  of  |av|  for  the  conformational  step  is  evaluated  from  the 
(aX)ch  _ . 

intercept _of  In  ( y- — -)  vs  (y)  as  discussed  in  step  (ii)  of  "Results".  Table  VI 1 1 

lists  the  | AV | for  each  cation  and  the  conformational  change. 

It  is  interesting  to  compare  |AV|  values  in  Table  VIII  for  the  various  cations 
since  this  represents  an  overall  volume  change  for  the  complexation  reaction  step. 

Fig.  4 is  a plot  of  |av|  versus  reciprocal  ionic  radius  for  the  cations  studied.  The 
pattern  in  | AV | vs  £ closely  parallels  that  for  the  stability  constants  vs  p Fig.  5 
is  a linear  least  squares  line  for  log  ICp  versus  |AV|.  Except  for  the  sodium  ion  (and 
lithium  ion,  which  is  not  plotted  because  only  a limiting  value  of  ICj,  has  been  re- 
ported) the  fit  is  excellent:  The  greater  the  volume  change  for  formation  of  complex 

ion,  the  greater  the  stability  of  the  complex  A speculative  explanation  for  the 
failure  of  sodium  and  lithium  ions  to  fit  this  correlation  for  18-crown-6  is  that  the 
ring  size  is  too  large  to  compete  successfully  with  solvent  for 
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first  coordination  sphere  sites  on  these  smeller  motel  ions. 

Turning  now  to  the  ectivetion  percenters,  the  enthalpy  of  ectivetion  and  there- 
fore activation  energy  for  CR2  CRj  (Table  V)  closely  resembles  that  for  CR2K+ dissociation 
(Table  VI).  This  similarity  suggests  th»;t  the  hypothesis  that  the  barrier  to  de- 
complexation is  siaply  the  energy  required  to  effect  a conformational  rearrange- 
ment of  the  ligand  [10]  may  have  some  merit.  It  is  at  least  qualitatively  consis- 
tent with  the  conclusion  of  an  nmr  study  [2]  that  a rapid  (t  < 10~3  sec)  rotamer 
interconversion  of  ether  linkages  in  free  crown  ethers  persists  in  the  metal  ion 
complexes  though  on  a somewhat  longer  time  scale. 

If  the  rate  determining  step  in  the  decomplexation  of  uetal  ion  by  ^rown  ether 
is  a conformational  change  of  the  ligand,  the  activation  energy  for  the  decomplexation 
reaction  should  be  the  same  for  all  catiohs  dissociatimg  from  a particular  crown 
ether.  Using  simple  absolute  rate  theory,  it  is  possible  to  deduce  from  recent  nmr 
kinetic  data  [10,16]  that  in  methanol  the  activation  enthalpy  and  entropy  of  decom- 
plexation are  12.0  kcal/(mol)  and  4.83  e.u.  for  K+  - dibenzo-18-crown-6  (DBC-6) 
and  11.1  kcal/(mol)  and  -2.3  e.u.  for  Na+  - DBC6.  The  decomplexation  rate  for 
Na+  - DBC6  in  methanol,  is  1.4  x 104  sec"1  and  for  K+  - DBC6  it  is  1.1  x 105  sec"1 
(extrapolated  to  room  temperature).  While  the  similarity  of  these  AH*  values  is 
interesting,  a more  persuasive  argument  would  have  to  be  based  on  kinetic  data  for 
a single  crown  ether  reacting  with  'sore  than  two  aetal  ions  and  in  several  different 
solvents  over  a substantial  temperature  range. 

Finally,  if  the  rate  of  decomplexation  of  cations  by  crown  ether  does  indeed 
determine  the  size  of  stability  constants  [3,4,14]  yet  the  activation  enthalpies  for 
decomplexation  are  very  similar  if  not  actually  identical,  it  is  clear  that  variations 
in  stability  constants  art  determined  by  AS*  for  decog>l*.mion. 
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Table  ‘ ' 

A U(>  4 

2 

fspei  Ineof  el  ttltateeonlc  Absorption  Data  v (a/ f ) and 

Frequencies  (or  Aqueous  18-Croira-6  at  16.28“ 


[18-Cr own-5] •* 

1.00  N 

■ [18-Crown-6]  - 

0.750  M 

1017{a/f2}  exptl., 

„ -1  2 
Hp  cn  sec 

f .MHz 

1017 {a/f2}  exptl., 
Mp  cm_1sec2 

f .MHz 

108.0 

15.19 

76.14 

15.10 

87.05 

25.20 

63.41 

25.23 

79.04 

35.30 

60.02 

35.32 

73.15 

45.50 

54.81 

45.51 

68.49 

55.57 

51.72 

55.53 

64.58 

65.67 

48.15 

65.63 

61.01 

75.76 

47.23 

75.74 

58.97 

85.88 

45.84 

85.84 

56.74 

95.92 

44.31 

95.94 

54.57 

106.0 

40.07 

106.1 

49.82 

116.1 

38.40 

116.2 

/3 


£18- Crown-6]  » 0.300  N 


1017{o/f2>  exptl., 

„ -1  2 
Np  ca  sec 

f.mz 

60.05 

15.18 

53.12 

25.28 

66.52 

35.28 

63.94 

45.46 

42.97 

55.57 

41.33 

65.68 

, 39.96 

75.78 

38.20 

85.89 

38.12 

95.99 

37.11 

106.1 

36.53 


116.2 


• . *v»r 

Table  I (Continued)  ^1-*  %. 

••  —KH.i  -V  f.  ■ ' )u  ■ 

Experimental  Ultrasonic  AbenrClt—  I—  (Jlijipjt2) 
Frequencies  for  Aqueous  18-Croni'  I at  f^li* 


[18-Crovn-6]  - 1.00  M 


( id-era**!  - 0.750  m 


u -1*2 

Np  ce  sec 


10l7{o/f2}  exptl. , 


f .MHz 


-}  2 

i sec 


45.^1 

44.97 

42.72 

42.62 

41.25 

41.16 
38.85 
38.36 
36.79 

35.57 

35.17 
34.52 
33.29 
32.14 
31.94 

30.16 
29.75 
30.12 

30.17 

28.58 


15.12 

25.21 

35.30 

45.44 

55.51 

65.60 

75.69 

85.78 

95.86 

106.0 

116.0 

126.1 

136.3 

146.3 

156.4 

166.5 

176.7 

186.7 

196.8 

206.8 


37.69 

15.12 

38.11 

25.20 

37.57 

35.28 

36.32 

45.44 

34.99 

55.51 

34.04 

65.60 

33.55 

75.69 

33.01 

85.79 

31.40 

95.88 

30.4  7 

105.9 

30.22 

116.0 

29.37 

126.1 

29.06 

136.2 

28.18 

146.3 

27.60 

156.4 

26.82 

166.5 

26.37 

176.6 

27.73 

186.7 

26.42 

196.8 

25,78 

206.9 

25.82 

217.0 

25.11 

227.0 

24.66 

237.1 

23.40 

247.2 

23.29 

257.3 

. / 6" 


Table  I (Continued) 


(18-Crown-6]  ■ 

0.500  M 

[18- Crown -6]  * 

0.500  M 

1017{a/f2}  exptl., 
Np  cm  *aec2 

£tMHz 

10l7{<x/f2}  exptl., 

„ -1  2 
Np  cm  sec 

f.MHz 

29.24 

15.10 

19.00 

247.2 

30.30 

25.21 

18.49 

257.4 

29.60 

35.30 

18.68 

267.5 

28.90 

45.45 

18.00 

277.6 

28.34 

55.51 

18.14 

287.7 

27.49 

65.60 

26.17 

75.69 

26.67 

85.79 

25.89 

95.86 

25.07 

105.9 

24.44 

116.0 

24.21 

126.1 

22.95 

136.2 

23.59 

146.3 

23.15 

156.4 

22.39 

166.5 

22.42 

176.6 

• 

21.93 

186.7 

21.86 

196.8 

21.10 

206.9 

21.68 

217.0 

20.67 

227.1 

20.87 

237.2 

C 


Table  I (Continued)  ’ 

■’"'  ~~  2 

Experimental  Ultrasonic  Absorption  Data  W(«/f  ) and 
Frequencies  for  Aqueous  18-Crown-4‘  at  35,4* 


[18- Crown- 6]  « 

10^{a/f^}  exptl. , 

„ -1  2 

1.00  M 

[18 -Crown-6]  ■ 

10^{a/f^}  exptl.* 
-1  2 

0.750  M 

Np  cm  sec 

f .MHz 

Up  cm  sec 

f.MHz 

46.75 

15.10 

33.26 

15.11 

44.06 

25.22 

33.59 

25.20 

43.32 

35.30 

33.48 

35.28 

42.45 

45.44 

32.83 

45.46 

41.44 

55.50 

32.05 

55.51 

40.81 

65.59 

31.46 

65.61 

39.72 

75.68 

31.09 

75.70 

39.19 

85.79 

29  78 

85.80 

37.23  . 

95.88 

28.99 

95.88 

36.52 

106.0 

28.96 

106.0 

35.03 

116.1 

27.81 

116.1 

34.25 

126.2 

26.85 

126.  Z 

33.59 

136.3 

26.56 

136.2 

32.48 

146.4 

25.44 

145.3 

32.49 

156.5 

25.67 

156.4 

31.49 

166.6 

. 25.41 

166.5 

31.00 

176.' 

23.44 

176.6 

30.63 

186.7 

24.18 

186.7 

29.81 

196.8 

23.80 

196.7 

29.77 


207.1 


22.58 

22.65 


206.8 

2 ;o.9 


Table  I (Continued) . 


[18-Cr own-6]  « 0.500  M 


1017a/f2  exptl. , 

-1  2 
to  cm  tec 


25.15 


25.93 


24.94 


24.65 


24.15 

23.93 

23.36 

22.98 


22.29 


22.27 


20.93 


20.97 


21.06 


21.50 


20.15 


Ultrasonic  Parameters  £or  the  Conformational 
Equilibrium  of  Aqueous  18-Crown-6 


Estimated  value 


Tableau  ^ 

Experimental  Ultrasonic  Absorption  and  Frequencies 

for  Aqua nif  Potassiun  Chloride  and’  ll'Clwn-6  at  35.7* 


[K+]^  » 9.403  F 
[18-Crann-dJ^  « 0.0971  H 


0.305  F 

ll8-Cronn*4)^-  0.0958  M 


1017{<X/f2)  exptl. , 


-1  2 
cm  sec 

f .MHz 

_ -1  2 
Up  cm  sec 

58.11 

15.08 

82.45 

50.36 

25.13 

63.23 

40.09 

35.19 

44.95 

33.80 

45.30 

35.60 

30.45 

55.36 

30.28 

26.84 

65.41 

27.05 

25.14 

75.48 

24.93 

23.12 

85.54 

23.40 

22.09 

95.61 

21.79 

20.64 

105.6 

20.84 

20.14 

115.7 

20.11 

18.90 

125.8 

. 18.54 

18.36 

135.8 

17.84 

18.04 

145.9 

18.18 

18.45 

155.9 

17.49 

17.52 

17.87 

17.08 

17.39 


•subscript  zero  denotes  initiai  concentration  in  this  and  subsequent  tables. 


Table  III  (Continued) . 

• ~'rT,T 

Experimental  Ultraaonic  Abacrption  Dat^jJ,  <«/f2)  and  Frequencies 
for  Aqueous  Potassium  Chloride  and  li^Crow-6  at  40.3* 


(K+l  - 0.403  F [K+l  - 0.305  F 

* ■ o * o 


[18-Ciown-61o  ■ 

0.0971  M 

(18-Croim-6)o 

* 0.0958  M 

1017(o/f2}  exptl. ( 

„ -1  2 
Np  cm  sec 

f jMHz  . 

1017{a/f2}  exptl., 

_ -12 
No  cm  sec 

f ,MHz 

75.54 

15.07 

93.74 

15.06 

54.52 

25.12 

69.04 

25.10 

42.52 

35.18  ‘ 

49.90 

35.15 

36.00 

45.29 

38.96 

45.25 

31.20 

55.33 

32.01 

55.30 

27.47 

65.39 

28.45 

65.36 

24.93 

75.45 

24.33 

/5. 42 

23.04 

85.50 

22.80 

85.47 

. 20.69 

95.55 

21.63 

95.52 

19.95 

105.6 

20.45 

105.6 

19.20 

115.7 

19.49 

115.6 

18.25 

125.7 

18.21 

125.7 

17.55 

135.8 

17.90 

135.7 

17.17 

145.9 

17.02 

145.8 

16.62 

155.9 

16.75 

155.8 

16.35 

166.0 

16.33 

165.9 

16.08 

176.0 

15.50 

176.0 

15.66 

196.2 

Table  III  (Continued)- 

' •*  <r. . 


iK+]  - 0.0929  P 
[18-Crown-6]^  « 0.207  H 

IK+]  - 0.0439 
o 

[18-Crown-6Jo  ■ 0. 

P 

.107  M 

1027{a/f2}  exptl., 

M -1  2 
Np  cm  sec 

f .MHz 

1017{o/f2}  exptl., 

„ -1  2 
No  cm  sec 

f.MHz 

162.8 

15.06 

11.8.2 

15.09 

77.33 

25.11 

56.82 

25.15 

4».  40 

35.16 

38.92 

35.17 

36.56 

45.21 

29.30 

45.28 

29,62 

55.26 

25.84 

55.34 

26.29 

65.32 

22.49 

65.40 

23.63 

75.39 

21.81 

75.46 

21.04 

85.44 

20.47 

85.51 

20.74 

95.49 

19.31 

95.57 

18.99 

105.5 

18.65 

105.6 

18.20 

115.6 

18.16 

115.7 

17.57 

125.6 

17.79 

125.7 

17.00 

135.7 

17.09 

135.8 

16.56 

155.8 

16.61 

145.9 

16.58 

165.9 

16.50 

155.9 

15.90 

175.9 

15.98 

166.0 

15.13 

166.0 

16.78 

176.0 

) 


23 


Table  III  (Continued) 

Experimental  Ultrasonic  Absorption  Date  **  Frequencies 

for  Aqueous  Potassium  Chloride  and  M-C. «m-6  at  45.8* 


(K+J  - 0.403  F 
. o 

[l8-Crown-6]Q  - 0.0971  M 


1017{o/f2}  exptl. » 

„ -12 
Np  cm  sec 

f ,MHz 

68.13 

15.09 

56.73 

25.15 

44.88 

35.18 

36.10 

45.25 

29.97 

55.31 

27.26 

65.37 

25.21 

75.43 

23.04 

85.49 

20.91 

95.55 

19.60 

105.6 

18.16 

115.7 

17.33 

125.7 

. 16.76 

135.8 

16.03 

145.8 

15.69 

155.9 

15.52 

166.0 

[K+]  - 0.305  F 
o 

[18-Crown-6]  ■ 0.0958  M 
o 


1017{o/f2>  exptl. » 

„ -1  2 
Np  cm  sec 

f.MHz 

94.16 

15.07 

70.88 

25.12 

51.18 

35.17 

40.36 

45.28 

34.42 

55.32 

J*8.75 

65.38 

25.14 

75.43 

22.81 

85.49 

21.17 

95.55 

19.59 

105.6 

18.76 

115.7 

17.27 

125.7 

16.71 

135.8 

16.34 

145.8 

16.03 

155.9 

15.86 

166.0 

15.27 

176.0 

15.69 

186.1 

14.81 

196.1 

1 


a+  ' 


Table  III  (Continued)-' 


[K+l  - 0.0928  F 
o 

[K+l  - 0.0439  F 
o 

[18-Crown-6)o  » 

0.207  N 

ll8-Cro«m-6]o  « 

0.107  M 

{o/£2}  exptl., 

, -1  2 
Ip  cm  sec 

f .MHz 

1017{o/f2)  exptl., 
Np  ca  7sec2 

r.MHz 

169.4 

15.08 

113.1 

15.10 

85.12 

25.13 

60.28 

25.14 

52.54 

35.19 

40.32 

35.19 

38.95 

45.24 

31.31 

45.26 

31.80 

55.29 

25.66 

55.32 

26.68  ' 

65.35 

22.25 

65.38 

23.64 

75.42 

20.47 

75.44 

21.33 

85.47 

19.10 

85.50 

20.52 

95.52 

18.21 

95.56 

18.55 

105.6 

16.90 

105.6 

18.42 

115.6 

16.43 

115.7 

17.45 

125.7 

15.76 

125.7 

* 

17.00 

135.7 

15.48 

135.8 

15.89 

145.8 

14.86 

145.8 

15.65 

155.9 

14.42 

155.9 

15.40 

166.0 

14.10 

165.9 

14.48 

176.0 

14.02 

176.0 

15.31 

186.1 

14.02 

186.1 

as 


14.37 


196.2 


13.79 


196.1 


Table  IV 


Table  V 


at 


Equilibrium  and  Thermodynamic  Parameters  for  the 
Aqueous  18-Crown- 6 Conformational  Rearrangement 


at  25“ 


a -1 
T1 


21 

' 4H21 

c4 

x2 

c 

AS12 
d AH8 


ASe 


k12 


S21 


“12 

CR.  t CR 
* 1. 


6.3  ± 0.2  x 108  sec"1 
2 ± 2 x 10“2 

10.2  ± 1.0  kcal/mol 
7.7  ± 0.2  cal/mol  deg 

7.4  ± 1.0  kcal/mol 
7.7  ± 0.2  cal/mol  deg 
-2.6  ± 1.0  kcal/mol 

0 ± 0.2  cal/mol  deg 

6.2  ± 0.2  x 108  sec"1 
1.0  ± 0.3  x 107  sec"1 


3i 

See  ref.  [3]  for  the  determination  of  this  relaxation  time. 

^ Equilibrium  constant  determined  from  kinetic  data.  See  text  for  evaluation. 

Q 

See  text  for  evaluation  of  these  activation  parameters. 
d AH8  = AH^2  - AH21 

® AS8  = AS^2  - AS21 

f 

See  text  for  method  of  determining  these  rate  constants. 


, Table  VIII 


Volume  change  for  various  cations 
complexed  by  aqueous  18-crown-6,  at  25° 


Cation 

|AV| 

ml/mole 

K+ 

15.2  ± 0.1 

Cs+ 

8.7  ± 0.5 

Rb+ 

10.2  ± 1.0 

T a* 

16.1  ± 1.0 

Na+ 

13.6  ± 1.0 

Ag+ 

10.6  ± 1.0 

m* 

4 

8.0  ± 0.3 

Li+ 

3.0  + 1.0 

18-crown-6 

10.3  ± 1.2 

aVolume  change  for  the 


conformational  rearrangement  of  the  crown  ether 


Figure  Captions: 

Figure  1.  Plot  of  log  (Tj'Vt)  versus  T~*  for  aqueous  18-crown-6  that  is  the 
basis  of  a determination  of  a conformational  equilibrium  constant.  The  ex- 
perimental points  have  been  fitted  to  a least  squares  straight  line. 

Figure  2.  Plot  of  log  T(oX)c^  /pu^  versus  T~*  also  necessary  in  the  determina- 

UicLX 

tion  of  a conformational  equilibrium  constant  for  aqueous  18-crown-6.  The 
straight  line  is  a least  squares  fit  of  the  experimental  points. 

Figure  3.  Plots  at  three  different  temperatures  of  the  experimental  reciprocal 
relaxation  time,  versus  a concentration  term.  The  slope  of  the  least 
squares  straight  line  through  the  origin  of  coordinates  yields  an  observed 
specific  rate  of  complexation,  of  aqueous  potassium  ion  by  18-crown-6. 

Figure  4.  A plot  of  AV  and  log  ICp  vs.  1/r  for  cation  complexation  by  aqueous 
18-crown-6  at  25°. 

Figure  5.  Plot  of  log  ICp  versus  |AV|  for  several  monovalent  cations  complexed 
by  aqueous  18-crown-6  at  25°.  Probable  error  in  values  of  | AV | is  indicated  by 
horizontal  bars  through  the  experimental  points.  A least  squares  fit  of  all 
points  except  that  for  Na+  is  given  by  the  diagonal  straight  line. 


